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Efficiency of leading out light released from an active layer, i.e. the external quantum efficiency, can be improved remarkably by 
processing a light lead-out surface to have an embossment. A layer containing a p-type dopant lll<e magnesium (Mg) is deposited 
near the surface of a p-type GaN layer to diffuse it there, and a p-slde electrode is made on the p-type GaN layer after removing 
the deposited layer. This results in ensuring ohmic contact with the p-side electrode, preventing exfoliation of the electrode and 
improving the reliability 
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[0 0 0 5] ^{b®)lS*»»^ffll>/c*^ft^* 

mfo-mtLXLED^m^cm^ixmrn-r^. mi o 

S^*CD^^b^3^*««:LED0r)»TM«3S*^'rft«i& 

1 0 lCD±^CGaN^^*•>7T;l (^^iiT) . . nMG 
aN®102. I nGaNlfeTfeU 1 0 3. pSGaNB 

30 1 0 4:^i^ja^j^xb"^=^^t^i';b;sg3n/c«fiS^wr€>o 

tfc. I nGaN^3felll 0 3*5^afp^GaNjil 0 
4CD— SP^ix-y ^>i5^^S$nT. nMGaNlll0 2 
3&5^a3nri^^o p^GaNJll 0 3±CctipfiiJgH^ 

mm 1 1 3;&5jf$^$n. -ecD-asicms^m^^oteiiijg 
1 07 tpM^^y^^ >^mmi 0Gf)mm^tix\,^ 

-So ^/c. nMGaNJll 0 2©±CC«nffliJ^l 0 5 

mm^tixi.>^o 

[0 0 0 6 ] CCDa:^5^j:1f&c*5C^rC^, pM^SlO 
40 ISxm^ihti. pMGaNJl 1 0 33&:^6nMGaNS 

1 0 2(tcmm^s.x^tixm:o. ^(omtmmmmi 
i3^mmbx9'y:f9^ttcm^a^ti^o 
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[0 0 0 8 ] TJ^cCtD^, GaNO/O F+> •>:/«3. 
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[0 00 9 } */c. G&U(Dmirm\t2. d7t:k^l> 
^j:l>o ^ 5^ y'<0^mcAR (ant1-~ref lection : SltRfi 

±) m^m^bxi>. c(omi^mt^t>btj:i.K cote 
n^ctfjmm-c^'^fco lo 

[0010] CC-C. OtBLffir^^p^G a NJi 

[0 0 1 1] ^¥kmt. i)^^^i>m^(owm(ommcm<^ 
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[0015] ^fc\x. mm^mwmtn^u. ^w^m^ 
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[0018] -fo. :^^m<o^^m'{^m%ni'(om^-nm 

[0019] cc-c. mt^^m^mm^ ^wmxm(o 

Mcii^hxm^'&^m'^^ct^m^tL. *cDKOffl 
[ 0 0 2 0 ] ^/c. mt^mmti^x. mt^mmwi^^ 
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[002 1] 

*3H*^3fe^^=-ti. if T >f TSffi 1 ©±CC G a N^^• 
:7Tli (S^li-r) . nMGaN^2. InGaN^^ 
m^s P^GaNM47&sJB;X«Ji$n/c1i3§^Wr^o 
*/c. I nGaN^3feli3*jJ;as^p^GaN«4«^JR 
e^J^Cx-y ^>y^i^nr. nMGaNJ12:^^^ffl$n 
rCi^o pMGaNM4CD±tC«. -gBtC^asPfiihfflO 
JtelSIS7?&Sff^«$nri>So ^Or. p^GaNll4i 

m^tixi.>^o 

Nm4(omm(tcmamomxf)m^tixi>^}^K$>:bo 

-rtJit)-^. m^Ltcm^i^i^>X{t. pMGaNli4CD^ 
nri^So p3aGaN®40affi^C<D<J:^frClrtlXf ^ 

[0 02 3] -r^cC^Di^. 01 O0C7j^l>/cfi^3tSfia|(D«fc^tC 

^(D15(0aiUM:^^^®r^^i. rStt®3^e)ftU^n 

9^oxm^(^cxmi^tcjiti>. xmLtcmamt(Dnmc 
moxif\'m(fcm^m^i^ctf)ix^^^'>(,crj::ho * 
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[0 02 5] Jtfc. :^mmmm(tC^l.>X\t. p^GaN 

[002 6] -yy. *^H^tC J: §^f*^**^©4> 0 

lit. m'fOmmxm^C^^^X. pMGaNJi4(^^MCC 
r V i^*:; A^S: G a NM4 O^ffiSfCfSlfe^^/cm 

cc. ^cD^/m^M^sur. pfflijMH^m® 1 3^?fM-r 

-5>o CO<=fc^i^^a!^0>''n'fex^cJ:or. p^GaNB 
4 cD^Bf^2c?)=<^ y T?gS^±^3 if. SWmffi 1 3 

[0 0 2 7 ]$e>CC, C(0J:^^Cvy4^$/'^A^pMG 30 

a NB 4 (Dmmm(>cMmmc f - 1:-> >/-r c <h {c<j: o 
pMGaNii4cD rffi^^ij ^mmt^cti>x^ 

TJ^ct:)-^. :*:^HJ&C*5(.ir&*. pMGaN/140^ 

«^5ifi^-r^/cJ?)ccp^F-^o h^m^?ssr F-f 

>^0':>-:>. GaNJi4^Jl<^S'r-2>i Tffi^nj f)^ 

^<D^m<o^^B(offumtmfxrj:<. . ^tt^&^rr 40 
[0 0 2 8 ] cti^cnx^x. :^mm^tx\t. j&mk^c 

^^^^iy^A^mX-r^CDX. pMGaN®4(D^S^C 
mbXlt. F-t^>e^?SS^$tit<i;W<T-Si£:«*S;rc 
l\ fi^-^r. TMmnj C<!:^j:<, GaNli4^ 

[002 9] ;XtC. *^Hja)^5felftT-CDS{S:^jS<D*(* 

[003 0] m2Rum3\x ^^m<D^ytm^<Dm&i^ 
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hoMiit. mi^^^ufcA-Arnxmrnofcmmo-^ 
[0 03 1 ] tr. mm (&) cc^u/cct^tc. v-vr 

GaNli2. InGaN^*«3. pMGaNlg4^li 

'^xm^fS^^r^o m^f&^mtbxu. m^ii^. moc 

VD (metal -organic chemical vapor deposition) 

F^-r FCVDS. ^-Sl^JiMBE (molecula 
rbeam epitaxy) rj:^(oyjm^m^^C t^^X^ 60 

[0 0 3 2 ] ;xcc. m2 (b) cc^L/cct^cc. us;^;^ 

F/N-^->^&ff^^-r^o :B:«:WCC«. pMGaNB4(D 
ISMCC Ui^;?^ F ^^^L. PEP ( photo-enqravi nq pr 
ocess) 'mc^^^^^-:^>^LX. m^omyrj::^}' 

^rooffigt-^. mmi-i)^^^tih%^^.^id\.>x^ 

ttf^X^^^ 

[0 03 3] ^^tc, ^2 (c) cc^U/c<=fc^^c. 

F>'^■^->3ocD^$t«4ft^x'r^o :S:<*e«}cc«. mm 

[0 0 3 4] ^X&c. 02 (d) CC«L/cJ:5tc, Uv^X 
F>'^•^->3 0<Dfl5t«*pMGaNll4CC|K^-r'So :P: 

(*0«}CC53:. Ui^;^ F^'N'^-^VS 0(D±.t^hK 1 E (reac 
tiveion etching) ^-it^^ V>if (ion milling) ^ 

>3 O:0^j&>Cx <>^>^^n. ?6CC. -^cDTcDpS^G 

MGaNJ14CD^ffiJCbe^X F>'^•^->3 0O»fffi?ett 

[0035] ccr. F>'^•^->3 OCD»tS05K 

»IJXf*cDpMGaNB4<D^MD3ei©BTffi?g«iC0 

rj:t>i=>. US;?;^ F^^•d^'->3 0CDX':;^>iJ/3$StCjtf L 
r. p§!GaNjS40x«^^>^^aS<D:^?&iiIl>iS^«: 
t^:. pMGaNli4C0Iinifli{i. Ut^X F^^•^-><^: 0 4> 
^$n^p — Ui;^X F>'^•^->3 0^DX':;^>>?^ 
3iS«:»L/r. pMGaNg4(Dx->5^>i^jig<D*:^5 
jiC^li^Ccti, pMGaNli4C0[M]Q«. F>'^*t$f 
->J:0^>MfP$n-5o pMGaNB4(DDfldi 
F^N'iSf->3 0(D»fM?i^t^6J^-;'^>^SJR 

t ^Mnmm ^ c i tc J: 0 p^i-r ^ c i j^^r ^ o 
[0 0 3 6]y«CCC. ^3 (a) &cau/cJ:^tc. is*r. 
SnX U p MG a N Ji 4 (D^ffi^^c^CM & 

(v^^;^ixr^;A) ji4 0iAu (^) m4 2^mAmM 
mum^m-r. ccx. Mgji4o<D)imjm« 

lOnm. AuJg42(DjgJl»WIAtf 1 OOnmi^-S 
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tf)^T^6o CCV. Au {^)m42U. (.^ty^^ 

<D±iCAu®4 2^tS:t?^C<bJ:f3. MgJi40'S:«ii 
0. ^SO^CCMfiT^&i^^-r-SCi^RSihUr. Ga 

[0 03 7] CCr. MgJiiAuM<DaJl«g^«S 

-r^Rt>»3CC. MgMt I n (-Y>>?'i?A) Ji^SJiU 

Xh^i^K ttc\t. Msmtl nrntAuM^mmLx 

C^-Sxb. GaNJ14(D^®«ifi«:. MgiifetClnfe 
ffit^U. ^BFfWW:l nGaN©?ili;&5?fJiS$n^o In 

f)^X^^. 

[0 03 8 ] ^/c. pMCDF-^'OhiUrtS. MgCD 

nso m«v Be (-^yv'^^A) . ug (7km) . z 

n (m^) . Cd (;^K5^A) rj:t'^m^^Xi>mfrj: 

[0 03 9 ] ^XCC, S3 (b) CCgL/c<t^{C, ^#0 
/cM g Ji 4 0 i A u ® 4 2 ^> i!/tc J: 13 I^S-r 

C(OiKBX. pMGaNJi4C7)^Mti. Mg7!?m> 
?SSrK-t->:J^$nri*-5o CCD<fc^^CMg/14 0i 
Au;i4 2^|^£-r'2>CiCCj:t5. C<Df*CC3TJiST^m 

^0.^^CD^^t^i^Cc<J:ni^. pMGaNjl4ipfflWffi 
^tliit. MgJ14 0^|g^*T'E>C<!:^Cj:0. pM^SO 

^m^-r^ct^c^-ox. ytm^mLmomm^^vikU 

[0 04 0] ;x(c. ms (c) tc^o/tjc^tc, nmm 
m^nm-r^. Mwm^^at. ^r. p^GaNii4<b 

rmm3^nmmcj:^y^>i/LX. nMGaNH2^ 

mm^t^o ^L/T. ^cvDSccj:os i o^mi^ 
imo. PEPm^m\^>x^-<^-:^>^r^. ^e^c, 

x.>^>^CCcfc0^tb|$i±/cnMGaN®2©±tCT i 

Mb SLtAumbb^mmu. h^ydc^^j^^- 
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:^>^U-C. 8 0 0'C'C2 0&fa!iacD7v-:/e>ci.T:^ 

[0 04 1 ]^>:tC. ms (d) ^cmbfcJ;:^^C, pffiiJH 
S13^0^-r-5. *f*W^C«. p^GaNli40Sffi 
CDS i O,l«7^PEPffiCCj:0>'^'^-:=->i!^O"Cg|5fl^ 
0^CC|^5fe"r^o ^LT. IMIdIj/jnX$nfcp^GaNJi4 

mCDNi mi SsL^imiy. ^h^C^ 

v^mcJiK) 1 TO (indium tin oxide) M^M^l 3 
10 b^BfAr^o ^J:*>\ Ni (::-y^Jl) mi3&(0{Xf:> 
OCC. Pt (a^) ®=&fflliTfcai>o CCDcfc^tC. I 
TOm 3 b(DT^CN i-t^P ti^jriO^HIil 3 a^^ 

[0 04 2] $6CC. ^(Au) tj:^^mmLPEPm 

[0043] cc-c, pmGa.NB4<Dmm^cm^rifc 
nMGaNJg2 4gR^WCCSUb3l±/cmffM0/cS i 

o,S7«. 03 (c) Rc;^ (d) (tcmofcjc'^ttc^ m 
ytm 3 o wM;^^^ffl bxi.^^^'^mmi^chmfS.^tix^ 

[0 04 4]S4^J. COJ:^^UTff ^n/c^**^ 

(a) «mss-mE«Ftt. iHis (b) ittmm-^^'^y- 
mi oifcmucu^oy^mi^mim^o^mM 

XTjkbfCo 

[0 04 5 ] 04 (a) (Om:^~mJ£W±^^^t. U 

^(om'fom^ttCfct. 3Ji<;i/hcc*5C^ri6f^®fe«iKji 
mifeM?&53. 2 $ urv-^rcDB^om*^*^ 

40 3. 2Ji<JUh<t<a<. fi£*(D^^^iJ:t*50-Clft{^mEE^ 
1 0%tt±ffiT-r^C<i::OiTt/Co 

[0 04 6 ] -lo. 04 (b) (Omt^^^^^t. * 

*^H^<D^^«. m^tit^x^mt}i)MsmLxi.^^ct 
%mii^^^t . t^^^cD^^rti 0. 45^y7'>hr 

4>-2>OCC*fLr. *:|^BJcr>^^r«0. 9 5 5 »; »7 y h 
50 [ 0 0 4 7 ] 3!/c. 2|5:|%?«<D^3felR^©»*jKS«. ifi 
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[0 04 8] tt±i$aiL/cJ:^CC. :*:^0^tc J:n«. p 

[ 0 0 5 0 ] ^ 5 (J . ^mM(Om 1 O^^WI^^TW^i: 

mm^tixi.>^^ ccoj:^ccLxrfe. ^feoiROHiUJa 
[0 05 n ^/c. *^C?jcD[ai!2i?F^t*^&3:. 02CcMt 

[0 05 2] *^^«?!l^*$l^X4>. SHCML/rUaiO 

[ 0 0 5 3 ] s e»^c. i^jim(>c^niit. -en^n©* 

[0054] ;x(c, ^mm<Dm2<o$tj^mitC'o\^>x^m 

[ 0 0 5 5 ] ^ 6 ^^m<Dm 2 omm^m-ruit 
mmx$>^. i5]sccM>T^. MiJbmmst^mvx 

[0 05 6 ] S/c. :^m^m(DB^^iKi:>. 02 ^MU 
^-So f/j:*:*"^. 02 (b) tc^U/cJ:^tc. p^Ga 
{b 5 -ti-r X 'V ^ > t^-r S c i &c J: D S 6 cc^ L /c J: 0 

[0 0 5 7 ] :*^?i5«^&C*50^rfe. HUCMUrBuaiL/ 
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[0 0 5 8 ] ? *:^ff^WCCcl:n(^. 02 ( c ) 
m 0 xmm L cfc ^ /j: U X h /N' ^ - ZyOmtJMf)^^ 

[0059] ^^cc. :^mm(Dm3<Dmm(iC-:>{.^xmm 
[ 0 0 6 0 ] 0 7 :^mm(Dm3(D^mim'rmit 

mrmmiitmm'r^. :mmm^^i>xi,t. p^GaN 
[0 0 6 1 ] :^m^m(Dmi^m'b. 02 ccMurHua 

-rtJiio-fDs pMGaNll40±CCUi;^X ^^S:Rfl5CD>'^•^ 

[0 0 6 2 ] :*:^?f$CTCC^cJC^r4>. ^ICcMOrmiaiL 
fchOtmm^C. rSttJi3:?5):^6iStH$n/c7^^5^gPCCK 

[0 06 3] *^?g«fl|tcj:n«. pMGaNB 

4(D^ffiCDi£!jg|5^#-C!:>U>XtttO/cCi^Cj:?). flf 

[0064] yctc. *^?8©m4(D^»$WltCOCirSi?8 

30 -r^^o 

[ 0 0 6 5 ] 0 8 :^§^m(Dm4<Dmm^&tmk 

mmx^^. IiI0tc*5i^Tfc. 0i7lFM0 3w:Riur 
m^j:miiit^mr^o *^Jf^«^CC*5l^r«. p^GaN 

msi 3(Da®?!?^[Hiat^^c/jDx$nrc^eo ccDcfc^^ 
[0 06 6] ttj:t>%. mmnmi 3 tbx^mt^ti^ 

ITOOm^^U. m2. OrabO. P^GaNfi40 
40 jSJT*2. 6 7 0C*fOrifil^o tS-^r. pMGaN^4 

tmmmmi 3 t(omx\i-x. ^mMmk^^-rhcti)^ 
\3K.KmucMt. m\<mi^xmm\^fc^tmm 

nm^^mr^cti)^x^^. 

[0 06 7] $6CC. *|ll*BS8CCJ:n{^. p^GaN 
®4cD^M^aiX-r'5i£^^:<)^/j:l^/ce5?). mXffm-oX^ 

o^mm^mn'r^ctf)^x^^. pMGa 
50 Nm4(Dmm^mam(icmi:'t^fcit>(,cmm<D':r^x^ 
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5 V !7mm^mm ^ct f)mM tt^^. 

[0 0 6 8 ] $/c. *^^WC:teCir^i. p^GaN® 

[0 0 6 9 ] mmn% 1 3(Dmm^cm^^m€\<D^^^- 

[0 07 0 ] -i^v. I T ofj: ^(omm^mfit. 
cox h^y-c/om^pm^^ 1 ^ ^n>OTccff^^-r^i^:^ 

[0 07 1 ] U-if^ibr^. m^i. He-CdU 
-if 3 2 5:^yp^-t5?) iAr U-1f (igg : 30 

35 li-y^-^) ^m\.>^Ctf)^V^^o 

[0 07 2 ] ^/c. c(D^':>rmm^^^->^mf&'r^ 

[0 07 3] ;X^C, *:|R|0^CD^5(D^?^FIlCCOCi'CiftW 

[ 0 0 7 4 ] S9tj. ^i^B^o^scD^je^^a-rgi^ 
mrj:im^t^^mt^o ^^mm^i^^^^xh. pMGaw 

ji4CDgMti¥M'C^0. -ecD±CCti. pfM^B^m®! 

L/Ji2 0:(^i^t't^5»nri^€»o -eor. 7femoWL/ii2o 

m\^C^\<^X^. pMGa NJi4CD^®^CI!!]a^^^-r 
Jg4^-eniii¥<fiSS-r^i^I>^feJ^j:l^o J^j:*?. 50 
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[0 0 7 5 ] STfettmffiM 1 3^7fem»:)tH0/12 OCDW 
l4<bOT«. ffil4Ji3:0^e>3Sfttii$n'55t:^cMb-C^7fe14 
^Wb. ja"Op^GaNJg4<i:ifiC^®»f$^Wr^C<!: 
^SM^UC^o o^O. cn6CDIiCD@8f^;&5p^GaN 

[0076] jg^msJi 1 3 (D^mt \,x\x. 

2 0(DW*4<bUT(i. mt^:. GaN<hTO^*^3fil*«i 
[0 07 7] */c. %VM^\^m2^(0^mt\jX\t. 

^{bi>yn> (s i Nj ^w^ci*it?t^o 
t>%. WX.'^')^y<r>WSnm^x. ^2. o-c^o. Ga 

2. 0) . Nd,0, (;a5T^&*ft2. 0) . SbjO 

3 (®»f^{ii^2. 0 4) . zro, {immx^2. 

1) . Geo, (ia»r^(iJ^2. 2) , T i O, (/Sfir^ 
«*^2. 2-2. 7) . ZnS (/a5f^«l^2. 3 
5). Bi,03 {M^mm^. 4 5) ^jri'^ffll^rfe 

[0 07 8 ] ^:^±. ^f*PJ^#MOoo:*:|^B^CD|US<D 
[0 07 9] $/c. ^7fe^^CD^3^{i. 

[0 0 8 0 ] ^/c. w^tx^xm^^^^mx^y y 

O. ScAlMg04. LaSrGa04. (LaSr) 

{kx-^ ^) o,uE(r>mm.mw^. sic. st. 
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GaAs. GsiNtj:i:<Dmm&mm'i>mm(fcmi^>x^ti 

^noSam^ti-SCis&S-ct^o CCV. ScAlMg 
O.SSOJi^tCJi. (0001) (LaSr) 

(A I Ta) Osmmcom^f^m ( 1 1 1 > ffi^ffli>-5> 

J¥< ^SL/cG a NH^i^ r >f TS«:0^6I^JIItLr G 
a NSSi UTfflC^ C i ^"C^ So 
[0 0 8 1 ] ^/c. GaNc7)J:^i^j:2g^t*CDaS^ffil> 

[0 0 8 2 } 

[ 0 0 8 3 ] ^T. :*^^0^tcj:n5^. 4^*f*^^^=-CC 

[0 08 4] ^/c. :*:^5g^CJ:n^3:. pMGaN!iCDa 
m^iatCV^^'^e^'t^A (Mg) 3'cC<i:'(0p^F-^>'>h^ 20 

[0 08 5 ] ^6CC. ^I^ff^ctn^^. ^^^^iy^Afj: 

^-yx. mL^mbmomm^^misio. mmim^^ 30 

[0 08 6 ] tfc. :^mM(fCj:n\it. -^^^i^^l^f^E 
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